This article considers the role of consumers in the regulation of nanotechnology. The principal regulatory response to nanotechnology to date has been to require the disclosure of information. One such mechanism currently under negotiation in the food sector is the mandatory labelling of nanomaterial ingredients, commonly justified on the ground that consumers have the right to know what they eat. Not only does this provide a vehicle for free market choice but it also offers one of the few routes to citizen engagement in the policy debate. The potential benefits of nano labelling are substantial. As this article seeks to show, however, the demands placed on nano labelling may be difficult to meet because of a range of limiting factors. By highlighting an expectation-capacity gap, this article points to the need for developing a richer choice environment and for scrutinising difficulties not fully addressed in the policy discourse.
INTRODUCTION
Nanomaterials may be small, but they present policymakers with big quandaries. A recurring theme in the policy debate is that nanotechnologies provide a chance to learn from previous scientific controversies, to get things right.
1 Nano foods are currently under the spotlight but they do not come without regulatory baggage. The past 20 years have brought several high-profile instances in which the policy management of public health risks has been called into question for giving insufficient weight to consumer attitudes and concerns surrounding safety. It is not difficult to recall a number of episodes that have come to represent a general lack of trust in regulatory decision making, particularly in the food sector, which has faced unprecedented challenges. Food scares involving BSE, dioxin contamination, and the increased incidence of food-borne illnesses from Salmonella and E-coli, for example, have meant that consumers today are more attuned to safety issues than their predecessors. 2 Moreover, these episodes reveal a growing scepticism about the ability of the state to regulate potential threats, and in particular its capacity to discern and act in a manner consistent with the public interest. The causes of the confidence crisis are many and do not lie solely in alleged regulatory failure, but one explanation proffered is that the impenetrable and abstruse language of risk marginalises broader social and political considerations. 3 Stirred into the melting pot recently are new technologies that promise to revolutionise what we eat. New modes of food production face the additional hurdle of unfamiliarity, created in part by an uneasy but widely held perception that 'modern' equates with 'unnatural' whereas more familiar, 'natural' means are societally more palatable. 4 'People are understandably sensitive about changes to the food that they eat', 5 noted a recent House of Lords Committee appointed to review uses of nanotechnologies by the food industry. The overall tone of public attitudes towards new technologies, the Food Standards Agency observes, is 'one of wariness, unease, uncertainty, and sometimes outright negativity'. 6 The success or failure of technologically advanced foodstuffs is determined by an array of factors relating not only to the safety and integrity of supply chains but also to wider issues of identity, community, ethics and morality making nano foods a political hot potato.
The involvement of civil society is often presented as one way round the perceived 'narrowness' of risk management practices, of bolstering public trust in science 7 and innovative industries, and of offering a counterbalancing force to the technocracy of regulatory policy. To these ends, public engagement features high on the nanotechnology policy agenda. Since 2004, over 60 such engagement exercises have been conducted in the field of nanotechnologies, mostly in the EU, the US and Australia. 8 Notwithstanding that such exercises have made valuable inroads into unknowns surrounding public perspectives on the issue, it is important to note that they have emerged sporadically and have been carried out on an ad hoc basis, by a range of different actors and organisations, in different formats, with different purposes and with different foci. This article seeks to show that the absence of a coordinated programme of public engagement has shaped and given prominence to a particular 'modality of citizen action' 10 ; that is, one which plays out through market transactions. The focus here is on proposals currently pending before the EC legislative institutions for the mandatory labelling of nano foods, the rationale for which is anchored to notions that consumers have the 'right to know' about the nanomaterial content of products they buy. The provision of information via labels enables consumers to make free and informed choices, vesting in them the 'ultimate power' 11 to realise their goals through effective market participation. Without other, more formal opportunities to exercise agency in relation to concerns about nano foods, purchasing decisions become the only effective way to 'send a message' to the developers and regulators of those products.
12 Nano labelling, therefore, promotes consumer choice but also -where orthodox channels of participative politics are lacking -consumer voice. The marketplace, by default, offers a forum for consumers in their multiple and sometimes conflicting guises as market players, citizens and participants in everyday life 13 to mobilise their interests. Here I argue that the capacity of the nano label to promote decisional autonomy as well as market citizenry is limited by certain features of the choice environment. First, a potential for mismatch can be discerned between the informational objectives of the nano label and its ability to deliver on those goals. A second, related problem is that nano labelling initiatives have emerged without an accompanying choice infrastructure, such as the provision of point-of-purchase information or the guaranteed availability of alternative products. Consequently, whilst nano labelling strategies represent an important first step towards the fulfilment of consumers' rights to know and choose freely between food products, they offer only a partial solution. Moreover, one of the upshots of the policy focus on consumer choice combined with deficiencies in the choice setting is that it forecloses opportunities for broader debates on the social and ethical ramifications of nano-based products. Although information disclosure ensures that industry is directly answerable to consumers and their preferences, nano labelling suffers from a lack of deliberative content, reinforcing risk communication as opposed to meaningful upstream outreach and engagement. question that there is enough room on the head of a pin to put all of the Encyclopaedia Britannica'.
TECHNOLOGIES OF THE TINY
14 Although he used neither the words 'nano' nor 'technology', Feynman is widely credited with the discovery of what we now know as nanotechnology.
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'I would like to describe a field', he noted, 'in which little has been done, but in which an enormous amount can be done in principle'. 16 More than 50 years on, that potential is beginning to materialise with such far-reaching consequences that Feynman's predictions might now be described as modest. He added:
As soon as I mention this, people tell me about miniaturization, and how far it has progressed today. They tell me about electric motors that are the size of the nail on your small finger. And there is a device on the market, they tell me, by which you can write the Lord's Prayer on the head of a pin. But that's nothing; that's the most primitive, halting step in the direction I intend to discuss. It is a staggeringly small world that is below. In the year 2000, when they look back at this age, they will wonder why it was not until the year 1960 that anybody began seriously to move in this direction.
17
In the short time since its inception, nanotechnology has become the next 'big thing'. Definitions vary but 'nanotechnology' is commonly used as an umbrella term to describe activities involving the design, production and application of matter (atoms and molecules) at an extremely small scale. Falling under this umbrella is the engineering of nanomaterials; that is, materials with at least one dimension of the order of 1-100 nanometres. The prefix 'nano', from the Greek 'nanos' meaning 'dwarf', is used to denote one billionth of a unit of measurement: a nanometre, therefore, is one billionth of a metre. To put this into perspective, a grain of sand is approximately 1 million nanometres in diameter, a strand of human hair approximately 80,000 nanometres in diameter, and a red blood cell approximately 7,000 nanometres in diameter. Nanomaterials can be naturally occurring (sea spray, for example, contains nanoscale particles, and most viruses are nano-sized), although nanotechnologies now allow us deliberately to manufacture materials with nano dimensions.
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Nanotechnologies work on the basis that as a structure or particle reduces in size, its behaviour can change. Some nanomaterials possess unique, often very desirable properties typically not shared by their conventional bulk-scale counterparts. For instance, whereas titanium dioxide and zinc oxide in their conventional forms are opaque, nano versions become transparent. 19 These novel characteristics have been harnessed across a range of traditional scientific disciplines (including chemistry, engineering, material science, physics, biosciences, medicine and environmental sciences) and exploited in a number of commercial applications. One recent estimate suggests that already there are over 1,000 nano-enhanced consumer products on the market, a figure that has more than quadrupled since 2006. 20 The most dramatic growth has been in products in the health and fitness sector. Many sunscreens contain nanoscale titanium dioxide or zinc oxide particles because, unlike conventional-scale versions which are opaque, they are transparent as well as extremely effective at absorbing and reflecting ultra-violet (UV) rays. Some skincare products also contain gold nanoparticles for their novel pigmentation: at nanoscale, gold loses its 'gold' colour and becomes red or blue. 21 A number of products use advanced materials: odourfree socks, for example, will typically have a nanoscale silver coating, renowned for its anti-bacterial and anti-microbial properties. Water-repellent, stain-and creaseresistant fabrics are created by embedding nanoparticles into cotton fibres, producing a durable nano-membrane. Various forms of nanoscale carbon are used to improve the strength and rigidity of tennis racket frames and hard-wearing tennis balls are made with clay nano-composite coatings.
Consumer benefits of nanotechnologies extend to the food sector, too, where a number of applications of this precision engineering are being developed. In its 2010 report, Nanotechnologies and Food, the House of Lords Science and Technology Committee observed that whilst the incidental presence of nanomaterials in foods is not new (for instance, the production of ricotta cheese involves the aggregation of whey particles into nanoparticles), 22 there is a growing tendency to incorporate nanomaterials specifically because of the changes that occur at this level. There is some ambiguity, the report noted, surrounding the extent to which nanomaterials are being used by the food industry, yet even without concrete data, there is evidence that nano foods are already available and that the market on the whole looks set to expand.
23 Nanotechnologies offer a variety of possibilities, promising improved food processing, more effective 'functional foods' containing supplements, and enhanced nutrition and flavour. Thanks to nano-capsules, Willy Wonka's fantastical Three Course Dinner Chewing Gum is likely soon to be available on supermarket shelves, allowing for the sequential release of different flavours (but without the unpleasant side-effects suffered by Violet Beauregarde).
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Food packaging makes up the largest share of the nano foods market, 25 including 'smart' nano-enforced food contact materials such as nano-clays or nano-films to improve the strength and quality of barriers preventing oxygen absorption and spoilage, and materials coated with nanoscale silver for its anti-microbial and antifungal effects. Biodegradable nanosensors are capable of monitoring temperature and moisture conditions during storage and transportation, for instance, and antibodies attached to fluorescent nanoparticles can help to detect chemicals or food-borne pathogens.
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In agriculture and environmental management, nanotechnologies are being used to develop new tools for the molecular treatment of diseases using, for instance, nanosized agrichemicals to ensure rapid disease detection and to improve the nutrient absorption rates and capacities of plants.
It is precisely this unique 'functionality', however, that has raised concerns about the safety of certain types and applications of materials at nanoscale.
27 Nanomaterials come in a diverse range of forms and the potential risk they pose to human health or the environment will vary. Some nanomaterials may pose very little threat whereas others may be more hazardous owing to a range of novel properties. The principal concern lies with insoluble, indigestible, non-degradable types of nanomaterials that cannot be broken down in the gut, 28 particularly where such nanomaterials exhibit a potential to accumulate over time in various organs of the body. 29 Although persistent nanomaterials are identified as possible causes for concern, data on their long-term effects are limited. Where nanomaterials dissolve or are digested or degraded in the gut, the fact that they are nano-sized becomes irrelevant and toxicity is instead determined by their chemical composition. For other materials, however, size matters. One of the consequences of the small dimensions of nanomaterials is that they become exceptionally mobile, giving them the potential to 'access all areas of the body, even the brain and all areas of the cell, including even the nucleus … [which] probably makes very small nanoparticles most worrisome to scientists'. 30 This characteristic has been taken to mean that nanomaterials smaller than 100 nanometres will be taken up by cells through a different pathway from that of larger particles. 31 A further consequence of their minute size is an increased relative surface area which may result in a corresponding increase in chemical reactivity and hence potential harmfulness (because more surface is available to react per unit mass). As a result of their heightened reactivity, nanomaterials can have what has been described as a 'Trojan horse effect', 32 where they bond with other (toxic) substances and allow them to cross cellular barriers they could otherwise not pass. The shape of certain nanomaterials may also be an important factor in determining potential risks, for instance, because it has been recognised that carbon nanotubes, as a result of their long, thin, fibrous nature, show some similarities to asbestos. 33 Finally, the use of certain nanomaterials for their anti-microbial properties (for example, nano silver in food packaging or supplements) may have a harmful effect on the natural flora of the gut. Notwithstanding the many potential advantages of nanotechnologies in the food area as well as the identification of potential risks from certain applications, very little is known about the physiological impacts of nanomaterials, and there are major gaps in knowledge necessary for risk assessment. 35 Whilst the general risk paradigm (hazard identification and characterisation followed by exposure assessment and risk characterisation) is thought to be appropriate, there are a number of uncertainties related to the applicability of current standard test methods. 36 Continued reliance on assessment procedures which may be neither validated nor specifically developed for nanomaterials, coupled with persistent and widespread uncertainty surrounding the effects of nanomaterials through their lifecycle, has led to calls for a more targeted research strategy to reduce unknowns and improve evidence-based regulation. Similarly the importance of a sound data base in securing consumer trust and confidence is at the forefront of policy consciousness, given that '[a] major portion of the outcry against nanotechnology results from the continuing promotion of new applications despite critical uncertainties about the extent or severity of various impacts'.
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Profound uncertainties surrounding metrics and data have led the European Parliament to conclude that current regulations, which were never designed with nanotechnologies in mind, are simply not fit for purpose. Under the existing regulatory framework, novel foods (which would include foods containing nanomaterials) cannot be placed on the market unless they have undergone a safety assessment and are authorised by the European Food Safety Authority. 38 Only those products considered to be safe for human consumption are authorised for marketing. 39 The task of determining whether or not a nano food constitutes a 'novel food' and is thus subject to additional assessment and authorisation requirements is assigned to manufacturers or suppliers of those products. Without adequate information and, importantly, without regulatory guidance, there remains the possibility that a nano food will fail to trigger the appropriate regulatory obligations because it was judged by its manufacturer/supplier to be 'substantially equivalent' (ie not 'novel) to a product already on the market with conventional bulk-scale dimensions. Even where a nano food is considered to be novel and hence subject to regulatory control, the European Parliament has remained sharply critical of the applicability of current The epistemic constraints described here have shaped and given prominence to a particular form of policy response to nanotechnologies: information regulation. In relation to foodstuffs, two different approaches to information provision are being pursued. The first, recommended by the House of Lords' Science and Technology Committee, involves the creation of a public register of foods containing nanomaterials. Similar schemes of 'input information regulation', described as such because of the inward flow of information from diffuse sources to a central repository, have been piloted in other nanotechnology policy domains with varying, but on the whole limited, degrees of success. 42 Moreover, previous schemes of 'nano-reporting' have been developed primarily with regulators in mind, to assist in the design of appropriate regulatory mechanisms, rather than to establish a publicly accessible and searchable database. 43 The second approach, which provides the focus for the remainder of this article, is product labelling. This example of 'output information regulation' is based on the outward movement of information from single sites to multiple users and a corresponding shift in decision-making responsibilities. Many products containing nanomaterials are already subject to a range of labelling requirements. Yet these requirements make no distinction between bulk-and nanoscale materials; they apply equally to both. For example, EU legislation on the classification, labelling and packaging of chemical substances stipulates that where a substance is classified as hazardous, suppliers shall ensure that the substance is labelled with certain, prescribed information to communicate the hazard to users along the supply chain. 44 The obligation to label applies to hazardous substances regardless of their structural dimensions: for instance, it applies to nano-lithium in the same way that it would to bulk-lithium. Although existing labelling requirements extend to cover both materials, they make no special provision for the fact that a material is nanoscale. 45 Likewise they do not require labels to identify a material as one which derives from or consists of nano.
Amid a growing scepticism concerning the ability of existing regulatory measures to deal with nanotechnologies, a host of new labelling provisions designed specifically for nanomaterials have begun to emerge. Some have been introduced as voluntary standards, 46 although more significantly others have been implemented through legislation as mandatory market entry requirements. 47 Proposals for a new Novel Foods Regulation, having reached an advanced stage in the pre-legislative process, include the following requirement: All ingredients present in the form of nanomaterials shall be clearly indicated in the list of ingredients. The names of such ingredients shall be followed by the word 'nano' in brackets.
48 A virtually identical provision has also been introduced into legislative proposals relating to foodstuffs generally (not just novel foods). 49 In sectors other than food, nano labelling requirements have already been enacted or are at the pre-legislative stage of the process. 50 These initiatives are significant not least because labelling has been renounced in other jurisdictions, most notably the US, as an appropriate response to nanomaterials. 51 Questions 45. Note, however, that where a nanomaterial is thought to be more hazardous than a bulk version of the material for which registration documentation has already been submitted, REACH requires the submission of additional hazard information, Article 22. of regulation have been a cause of discord between EU institutions, with one MEP commenting that nanomaterials presented 'the biggest stumbling block in the negotiations'. 52 Within the debate, nano labelling has provided a source of particular contention as intimated by the Council:
The only remaining element for an agreement with Parliament on nanomaterials consists of the labelling thereof in the list of ingredients. A number of delegations hold that this is not useful. A majority of delegations however have indicated a margin of flexibility in the framework for an overall compromise. Parliament attaches a particular importance to this amendment. The Presidency therefore asks for a margin of flexibility with regard to this element. 53 This tension arose at least in part because, initially, labelling proposals targeted foods produced from nanotechnologies irrespective of their nanomaterial content 54 calling to mind the process/product distinction that infused much of the debate surrounding the EU's regulation of genetically modified organisms (GMOs). 55 Policymakers have faced a familiar choice about whether to identify and regulate nano foods on the basis of their composition or underlying production process. Despite early indications that a process-based approach to labelling might be adopted, more recent proposals favour an approach based on the nano composition of the products themselves. But even this approach has come under attack for failing to appreciate differences between foods containing nanomaterials. The Commission, for instance, has warned against systematic nano labelling, arguing that such a measure ought to proceed on a case-by-case basis. 56 This view is shared by the House of Lords Science and Technology Committee which noted in its report that, while consumers can expect to have access to information about the food they eat, 'blanket labelling of nanomaterials on packages is not, in our view, the right approach to providing information about the application of nanotechnologies'.
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Elsewhere, outside the EU policy framework, the possibility of nano labelling has been mooted and similarly embroiled in controversy. 58 In some arenas the issue turns You are what you eat: market citizens and the right to know about nano foods 187 on whether a product's nano component constitutes 'material information' about the product or the consequences which may result from its prescribed or usual conditions of use. 59 The US Food and Drug Administration (FDA) concluded in 2007 that there is no scientific basis for requiring that, as a general matter, a product containing nanoscale materials is labelled as such because that information is not material to the product's use. Moreover, the FDA has warned that where information about the use of a product containing nanomaterials is not material, it could be included on a label only if it is not false or misleading; otherwise the product is 'misbranded' and cannot be marketed. It went on to note that since claims regarding the use of nanoscale materials might well be misleading and therefore misbrand a product, manufacturers are advised to consult with the regulators beforehand. Not only is mandatory labelling out of the question under the FDA's jurisdiction, but the prospect of permissible labelling looks bleak too. Whereas initially companies were over-zealous in their use of the term 'nanotechnology' to describe their products or processes in order to attract investment and boost trade (even if they had little or nothing to do with nanotechnology), 60 nano labels are now fast disappearing not only because of clear policy steers from US Federal regulatory agencies but also because an association with nano may have a negative impact on brand equity.
The potential for a label to mislead or cause anxiety in consumers is outweighed, others argue, by its capacity to propel other policy goals. An independent review of food labelling law and policy in Australia and New Zealand recently urged Food Standards Australia New Zealand (FSANZ) to give nanotechnology high priority because '[i]n the years ahead it is likely to become as contentious an issue in the food supply as gene technology'. 61 Among other things it recommended that FSANZ and other regulatory bodies 'develop as a matter of urgency a standard for regulating the presence of nanotechnology in the food production chain' which may entail consumer labelling. As noted in one submission of evidence to the review, 'the failure to identify the presence of new tech products or the introduction of a labelling regime that leaves uncertainty as to the presence of such novel ingredients can serve to undermine the credibility of the regulator'. 62 Regulatory control, therefore, serves as an important motivating force for labelling; otherwise 'if the regulator shows hesitancy or uncertainty or is bypassed by events then this will weaken its authority'. 63 Seen from this perspective, labelling offers a convenient middle ground of policy between the identified need, symbolic or otherwise, for regulatory intervention and concerns about the detrimental impact of intervention on such a fledgling technological sector.
In a similar vein the proposed introduction of nano labelling in the EU is ultimately an uneasy compromise solution, brokered under intense political pressure and only tentatively agreed. Nano labelling is a policy tool in every sense of the term, not only as a device of regulatory policy that will impact upon the behaviour of makers and buyers of nano foods but as an expression of inter-institutional policy tussles between the European Commission, the Council for Ministers and the European Parliament. 64 The Commission, for example, has long maintained its position that existing regulatory provisions are by and large adequate for dealing with nanomaterials whereas the European Parliament -in particular its Committee on Environment, Public Health and Food Safety (ENVI) -has taken a much more critical stance, which has culminated recently in Members of the European Parliament voting to ban altogether the inclusion of nano-silver and carbon nanotubes in the electrical and electronic products sector. 65 Of all the regulatory responses to nanotechnologies tabled by ENVI, labelling has provided the path of least resistance; a happy medium between a light touch, deferential approach and calls for regulatory change to account for the novelty of nano. But nano labelling can be seen as an uneasy compromise in other senses too, particularly its capacity to fulfil policy promises to promote consumers' right to know and hence create opportunities for free and informed choice.
RIGHT TO KNOW AND CHOOSE
Politically, it would be very difficult to maintain a position that information about food products ought not to be provided to consumers. 66 Indeed, rights to know and to choose are at the core of EU consumer policy. 67 The Maastricht Treaty recognised for the first time a high level of consumer protection as an EC objective in its own right and was subsequently extended by the Treaty of Amsterdam, which placed an obligation on the Community to promote consumers' right to information as well as protect their health, safety and economic interests. 68 In instrumental terms, the provision of information has a pivotal role in the shaping of the internal market, since 64. I will explore nano labelling as an inter-institutional policy device in further, later work. 65. European Parliament, 'Report on the proposal for a directive of the European Parliament and of the Council on the restriction of the use of certain hazardous substances in electrical and electronic equipment (recast)', 15 June 2010, A7-0196/2010, Amendment 88, Annex IV. The following justification was offered: 'Nanosilver is already being used as an antimicrobial in EEE [electrical and electronic equipment], e.g. as a coating for mobile phones, or even released by washing machines. Apart from such uses being superfluous, they endanger human health and the environment. Carbon nanotubes may be used in EEE, yet it has been shown that they can have asbestos-like properties. Respected authorities such as the UK Royal Commission on Environmental Pollution, the UK Health and Safety Executive or the German Environment Agency have raised concern about these nanomaterials or even recommended against their use'. This right has long been enshrined in EU food regulation which, even in its earliest of legislative measures, emphasised that 'the prince consideration for any rules on the labelling of foodstuffs should be the need to inform and protect the consumer'. 70 This commitment to information provision has been affirmed repeatedly by the EU food strategy, whose spirit and letter reflect the notion that '[p]eople want, and have a right, to know what they are eating'. 71 Food labelling rules, says the Commission, recognise that right by allowing consumers 'to make choices based on complete information about where food has come from and what it contains'. 72 It is a fundamental principle of those rules that consumers should be 'given all essential information on the composition of the product, the manufacturer, methods of storage and preparation' 73 so that they can make choices 'in full knowledge of the facts'. 74 Likewise the right to know has risen to prominence in the debate on nano foods, having developed from the notion that consumers 'might like to know whether a food has been produced by the use of nanotechnologies' 75 to one where consumers are deemed to have a right to know such information and be able to choose accordingly.
Individual choice is the hallmark of modern consumption. The meaning of consumer society, argues Matthew Hilton, has shifted 'such that the emphasis is no longer on participation for all but on more choice for the individual (that is, for those who can already afford it)'. 76 Whereas consumer society was once characterised by access to basic goods, a series of defeats suffered by the consumer activists to a resurgent anti-regulatory movement gave way to a greater focus on choice, the 'watchword of our supposed consumer society today'.
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Such choice is typically defended in terms of its 'welfare enhancing' properties. The primary concern from this perspective is that, without sufficient information, consumers are unable to make choices that correspond with their preferences, giving rise to an inefficient allocation of resources. Allocative inefficiency creates a strong prima facie case for releasing additional information to consumers but the success of this approach rests, not uncontroversially, on the presumption that, equipped with adequate information, consumers will respond in a 'rational' manner; that is, by choosing the best means to his or her ends in order to maximise utility. 78 If these propositions are correct, the rational-choice model provides a compelling argument for deploying labelling to promote and preserve consumer sovereignty, the notion that, left to their own devices, consumers are the best judges of what is or is not in their individual interests. In its undiluted form, it advances the idea that consumer choice ought to be unrestrained and free from government interference because individual decisions at the point of purchase will replicate full economic rationality at a microeconomic level.
However, the descriptive and predictive power of rational-choice has come under intense attack, leading to not only a gradual relaxation of its precepts and parameters, 79 but also a more radical excavation and replacement of rational-choice with alternative models of decision making (and hence of free choice). Some of the most fervent criticism has emerged from empirical research in cognitive psychology, 80 sociology and anthropology 81 which has been harnessed by law-and-economics scholars in pursuit of a theory of behavioural economics. 82 These strands of inquiry, although disparate in focus, have been united in challenging the assumptions of 'full rationality'. The basic tenets of consequentialist welfarism and of utility metrics have been attacked on a number of other fronts too, for it transpires that individual homo economicus and his self-seeking behaviour, 83 casting a new and critical light on the distinction traditionally maintained between consumers and citizens. 84 Growing recognition of the interconnectedness of consumption with citizenship too has a policy outlet, as evidenced by statements that '[t]he 493 million EU consumers are central to the three main challenges facing the EU: growth, jobs and the need to re-connect with our citizens'. 85 Consumption is not something to which only the private sphere lays claim. By the same token, choice can be seen not just as an individual matter but as 'an act of allegiance and a protest against the undesired model of society'. 86 In a particularly vivid account of the permeability of consumption choices to broader social and political issues, the European Commission notes that:
The next three years will see consumer policy coming of age as consumer interests, together with other issues that directly affect ordinary citizens, become increasingly important. The importance of the inter-linkages and overlaps between consumer policy and other policies is set to grow. This coming of age is driven by the political and economic currents running through the EU. It will bring a new influence for consumer policy that will have to be matched by a new maturity on the part of consumers and their representatives. If consumers are to play their role fully as equal stakeholders in society, they need to understand the inter-linkages between their interests and those of others. Their awareness of their rights as stakeholders also demands a greater recognition of their responsibilities to the environment and society at large. 87 Not only does policy furnish consumers with opportunities to turn to the market to express political, moral or other social concerns, but it also creates an expectation that they will do so, firmly establishing the role of the 'citizen-consumer', 88 the 'empowered consumer', 89 or the 'political consumer' 90 in the machinery of EU governance. 91 The notion that consumerism offers an avenue of political participation has been explored in the expansive literature documenting a 'turn' both in the rhetoric and reality of consumption practices. 92 Consumption, notes Roberta Sassatelli, is undergoing a process of reconfiguration; it is being seen less as a sphere of negative freedom and more as a domain for the exercise of positive freedom.
93 Through purchasing decisions, citizens 'can always cast their ballot -on a world scale, no less', 94 an idea explored further by Mary Douglas in an essay on 'shopping as protest':
The consumer wandering round the shops is actualizing a philosophy of life … Only consider the turning away from pesticides, and the turning away from aerosols, artificial fertilizers and carnivorous diets, and consider the great interest shown in the source of energy, whether powered by nuclear, or by solar, or fossil fuels. These examples of consumer preferences are not responses to market conditions. Quite the contrary, they bid fair to change markets profoundly. 95 The provision of information is critical to both conceptions of free choice; freedom to choose in the absence of restraints so that preferences are simply unveiled, and freedom to choose in the thicker, more substantive process of deliberation, preference formation and positive action. Whereas the former focuses on the curtailing effects on consumers of a lack of information, the latter emphasises what consumers in receipt of information can choose to do or achieve. 96 The nature and quality of that information become questions of considerable importance whichever ideological trajectory is adopted, either because it determines the extent to which hurdles of information asymmetries are overcome or because it gives particular shape to resultant means of action.
One issue which has attracted very little attention, but which, however, is central to the nano labelling debate, is the anticipated role of such a provision in the simulation of free choice and hence the discharge of consumers' right to know. In particular, in what ways is nano labelling expected to create opportunities for choice 'in full knowledge of the facts' when 'the facts' are themselves complex, contested and highly uncertain? Notwithstanding the apparent policy consensus that nano labelling will allow consumers to make informed purchasing decisions, there is remarkably little agreement over how such decisions may be aided by the appearance of 'nano' on packaging and what it is exactly that 'nano' is supposed to convey.
CHALLENGES TO CHOICE
This section offers some tentative reasons why the ability of nano labelling fully to achieve its goals may be limited. The argument here is that, although there is little doubting that some form of nano labelling could be a non-governmental organisations, if not by collective consumer action, and offers similar potential with respect to nanomaterials. 97 Yet labelling is inadequate if offered as a complete regulatory response. Broadly speaking, nano labelling measures have been developed in the absence of a concerted approach to engagement and against a backdrop of highly selective and circumspect policymaking. The effectiveness of these measures, as a result, is to some extent impinged upon by its regulatory policy setting in the sense that it demarcates a distinctive 'task' (or 'tasks') for the nano label and governs the strength of its underpinning infrastructure. Within this setting, the capabilities of the nano label and the choice infrastructure have been talked up to the point that an expectation-capacity gap exists. Two examples are offered below. The first limiting factor is that the nano label may fail to fulfil expectations surrounding its role. There is broad agreement that consumers have a right to know, but a right to know what? The second limit relates to the expectation that the application of nano labelling will be aided by other elements of the policy environment, namely the capacity of existing regulations to generate sufficient information on nanomaterials in the supply chain. This assumption, it is argued, is flawed.
Right to know what?
The nano label serves a multitude of purposes. Although these functions are not unrelated, they are sufficiently discrete that nano labelling simultaneously assumes more than one role in conveying information. Its multiple roles place a range of different expectations not only on nano labels and their content, but also on recipients and their capacity to act upon the information disclosed. An initial and exploratory review of the policy documents reveals a number of possibilities. 98 First and foremost, the nano label serves a basic transparency function, making the invisible visible and contributing to the growing demand for 'see-through science'. 99 Much of the policy emphasis is on the ability of nano labels to indicate that a product contains or consists of nano matter; 'the contents must always be evident to the consumer so that anyone who wishes to do so is able to choose to avoid foodstuffs containing nanoparticles or nanomaterials'. 100 It allows for the easy identification of nano-based products so that consumers can distinguish between products of different make-up. totally confused … [W]hat does it mean that nanotechs are in there? What are these claims, both the benefits and the risks? So there is an incredible amount of confusion there. 108 This illustrates the possibility that an expectation-capacity gap may open from the opposite direction, where there is an expectation on the part of consumers that the label 'nano' is communicating more than, or something different from, that which is intended. One of the concerns here is that, even if a label is designed to communicate the presence of a material whose dimensions satisfy the size criteria prescribed, it may nonetheless be interpreted as a sign of hazardousness. A number of policy actors have been keen to stress that 'nano' neither implies a specific risk nor does it necessarily mean that the material in question actually has new hazard properties compared to its bulk-scale counterpart. 109 There remains the possibility, however, that 'the general mention on labels of nano-scale materials in cosmetic products using the term "nano" might be misunderstood by consumers as a warning', 110 notwithstanding the fact that this is not, according to the legislative institutions, the policy aim. 
Limited choice infrastructure
The second potential limit on choice may stem from the choice environment in which nano labelling is implemented. The focus here is on the external logics of choice, because 'freedom to perform an act is meaningless unless the subject is in possession of the requisite means of action '. 112 This argument reflects the idea that 'choice' connotes more than what a consumer is faced with (the act of choosing); it refers to what a consumer is presented with too (the choice situation). In this sense the label 'nano' goes only part of the way towards offering tangible opportunities for free and informed decision making; what is missing is an adequate choice infrastructure on which labelling measures can rest.
Arguably the most significant limit to genuine choice, in either its procedural or substantive sense, in this context stems from a lack of information on nanomaterials. This can be seen to play out in different ways, manifesting itself not only in gaps in the risk assessment and management of certain food-related uses of nano but also in a scarcity of readily available information at the point of sale. 113 Closely linked with this is the low level of consumer awareness of nanomaterials, their uses, potentially desirable and/or hazardous effects. The Rapporteur responsible for steering proposals for a recast Novel Foods Regulation (which includes provisions on mandatory nano labelling) through the legislative process underlines the plausibility and prevalence of the awareness gap: 'Let me deal with nanotechnology first. I had absolutely no idea small volumes will fail to meet the one tonne per annum threshold, thus escaping registration (and hence information disclosure) obligations. Even if the tonnage threshold has been met, it is far from clear that risk assessment methods used to generate data for registration and disclosure are suitable for substances at nanoscale. Moreover, it is highly unlikely that downstream users of nano substances (such as a manufacturer of food products) will have any contractual right to ask for information about those substances. The upshot is that a manufacturer of a food product may unknowingly market a nano food product which should be labelled as such. The prospect of nano food products entering the market without an accompanying label raises the additional point that, as well as adequate information, genuine and effective choice depends on the availability of alternatives to nano products. Put another way, meaningful choice relies on the fact that products not carrying the label 'nano' are indeed nano-free. This expectation cannot, it seems, be fulfilled by current regulations, whose principal focus is on conventional-size substances.
CONCLUDING REMARKS
There is a certain inevitability about nano labelling. In many respects it offers the most obvious regulatory route; until more is known about the behaviour and impact of nanomaterials, and in the absence of concrete evidence that their use is likely to lead to unacceptably serious losses, it is inevitable that legislatures will be reluctant to incur potentially significant expenditure on the introduction of more restrictive measures. It also resonates strongly with the EU's ever-growing commitment to the consumer. Emerging at a confluence point between scientific uncertainty and consumer protection, nano labelling provides but one means of generating much needed information about the nano foods industry.
The provision of such information is typically justified on the ground that consumers have a right to know about what they eat which, in turn, forms a foundation for their right freely to choose between materially different products. Choice may be an exercise in bare liberty or it may entail more reflective habits of deliberation, engagement and the mobilisation of interests off the cardinal scale of economic rationality. In the latter sense, and without particularly prominent or widespread outreach activities, the supermarket begins to look more like an arena for quasi-participation.
This article has sought to show that although the label 'nano' may simulate free choice in its thinnest sense, that is, ensure the freedom to choose between nano and non-nano foods without intervention or coercion, a number of factors may serve to undermine the extent to which consumers' purchasing choices are an expression of agency. These factors arise because of a discernible discord between expectations and capacities of nano labels, their intended users and the policy infrastructure that gives shape and meaning to the exercise of choice. Along with a centrifugal movement of information to consumers comes a centrifugal movement in decisionmaking responsibilities, although the critical question here is whether those responsibilities are adequately supported. Without a bright line definition of 'nanomaterial' and in the face of huge data gaps, the nano label cannot realistically be tasked with anything other than alerting consumers to the sheer uncertainty. In light of predictions that these gaps will persist and may grow to become even more pronounced as nanotechnologies continue to open doors to new possibilities, informing consumers of uncertainties is surely a worthwhile exercise in itself. But even this is a tall order because of the complexities afflicting the area. The potential benefits of nano
